Abstract
INTRODUCTION
Sunflower (Helianthus annuus L.) is one of the most important oil crops in the world, which registered a harvested area in 2016 of 26.2 million ha according to FAO data (FAO database). Compared to the harvested area registered in 1961, which was of 6.66 million ha, the harvested area registered in 2016 was of 3.9 times more. The sunflower importance in the world as an oil crop is due to higher adaptation capability, mechanization use and preference by customers as vegetable oil (Kaya, 2015) . Practically, it combines high yield with great adaptation capacity (Agele, 2003) . Sunflower is an important source of food, oilseed and biofuels because it is well adapted to a variety of conditions and often require fewer agricultural inputs than other more common crops (Fernández-Luqueño et al., 2014) . However, this is primarily grown for oil, which is mainly used for human consumption, but also as a raw material for the processing industry (Mijić et al., 2009) . Sunflower crop has an important place in the world agriculture, due to many advantages, as the capacity to release high seed yield and good oil content (Anton et al., 2015) . The high yielding capacity associated with high oil content in the seeds is due to the remarkable achievements realised through the breeding programs performed at sunflower crop in the last century. In this respect, the work of Pustovoit at VNIIMK in Russia to develop high yielding, open pollinated varieties (OPV) with oil contents up to 50%, is well recognised as the main genetic base of modern sunflower breeding (Vear, 2016) . One important step forward in the development of the sunflower crop at world level was the creation of the sunflower hybrids using cytoplasmic male sterility, which was discovered by Leclercq (Leclercq, 1969) in France, and restoring pollen fertility. The genes responsible for restoring pollen fertility were discovered first in 1970 in USA by Kinman (Kinman, 1970) and in Canada by Enns et al. (Enns et al., 1970) , and then in 1971 in France by Leclercq (Leclercq, 1971) and in Romania by Vrânceanu and Stoenescu (Vrânceanu and Stoenescu, 1971) . The main objective underlying sunflower breeding programs is to develop high-yielding F1 hybrid cultivars (Golabadi et al., 2015) . Sunflower breeders intend to achieve the highest grain yield and oil content, through the best expression of heterosis (Vrânceanu, 2000) . Weed and Orobanche control with HT-tolerant sunflowers offers an excellent opportunity to increase sunflower yield in different countries (Alonso, 2008) . The achievements related to the sunflower hybrids in terms of number and performances are excellent. Thus, the sunflower is the second largest hybrid crop, second only to maize (Seiler et al., 2017) . In recent years, there have been many changes in research techniques, in particular, the possibility of determining the genotype of a plant and not just its phenotype (Vear, 2016) . In the present and in the future, the sunflower genome represents a cornerstone for future research programs aiming to exploit genetic diversity to improve biotic and abiotic stress resistance and oil production, while also considering agricultural constraints and human nutritional needs (Badouin et al., 2017) . So, there is no reason to doubt that further improvements in potential yield will be obtained in the future (Vear et al., 2003) . Romania has favourable conditions for growing sunflower and has a real potential for developing the sunflower crop by increasing first of all the yield (Ion at al., 2013) . The harvested area in 2016, which was of 1,038,414 ha (FAO database), placed Romania of the forth place at world level. The aim of the present paper is to make an analysis and to give an insight into the situation, evolution, and historical milestones regarding the sunflower varieties and hybrids registered for cultivation in Romania in the last century.
MATERIALS AND METHODS
The aim of the present paper was accomplished by analysing different informational sources during the last century with respect to the sunflower crop in Romania. Also, it was analysed the whole collection of the Romanian 
RESULTS AND DISCUSSIONS Period 1910-1944
The first official data regarding the area cultivated with sunflower in Romania refers to the year 1910, when there were cultivated 672 ha (Roman and Enescu, 1915) .
In the period between the two world wars, the area cultivated with sunflower in Romania increased significantly ( Figure 1 ). Thus, the area cultivated with sunflower in 1926 was of 189,468 ha (Munteanu, 1929) . In this period, there were cultivated different local populations of sunflower. The increasing area cultivated with sunflower led to an increasing sunflower oil production. Sunflower oil produced in this period replaced the olive oil on Romanian market and assured an accessible edible oil source for rural population.
In the period 1932-1938 it started the first works of sunflower breeding in Romania, performed at Agricultural Experimental Station Târgu-Frumos (Vrânceanu, 2000; Păcureanu-Joiţa et al., 2007) . As a consequence, there were created and started to be cultivated the first Romanian sunflower varieties, namely Măslinica and Uleioasa (Grințescu, 1945) . These varieties were characterised by seeds with low oil content, high hull percentage, and sensitivity to broomrape and sunflower moth (Vrânceanu, 2000) .
Period 1945-1970
After the Second World War, the area cultivated with sunflower increased (Figure 1 ), as well as the sunflower yield (Figure 2 ), as Romania managed to cover the domestic demand and even to export part of its production. Thus, the area cultivated with sunflower in 1945 was of 384,534 ha (Săulescu, 1947) and it was of 496,500 ha in 1950 (Hera et al., 1989 As a consequence, in the period 1966-1970 this was cultivated on 75-90% of the area grown with sunflower in Romania, which was in average of 520,000 ha (Vrânceanu, 2000) , with a peak of 604,057 ha in 1970 (FAO database; Figure 1 ). For the same period, the average sunflower yield varied between 1,274 and 1,500 kg.ha -1 (FAO database; Figure 2 (Păcureanu-Joiţa et al., 2007) .
Period 1971-1990
Vrânceanu said in 1970 (Vrânceanu, 1970) that sunflower hybrids will be available very soon for production purposes, contributing to the increase of the economic value of this important oil crop. And it happened in 1971, when the two sunflower hybrids were registered in the Romanian Official Catalogue of the Varieties of Plant Species with the names of Romsun 52 and Romsun 53. These two first sunflower hybrids were tested by the State Commission for Variety Testing and Homologation from Romania (in the present State Institute for Variety Testing and Registration) starting with 1968. These two sunflower hybrids opened the period of the "hybrid sunflower" in Romania. They represent the first hybrids in the world produced at commercial scale, they being cultivated in 1973 by 20% of the area cultivated with sunflower in Romania (Vrânceanu, 2000) . The first two Romanian hybrids (Romsun 52 and Romsun 53) were based on nuclear male sterility, but the next hybrids were created based on cytoplasmic male sterility. Practically, starting with 1974, all the sunflower hybrids were produced based on cytoplasmic male sterility and restoring pollen fertility (Păcureanu-Joiţa et al., 2007) . In total, in the period 1971-1990, there was created and registered in the Romanian Official Catalogue of the Varieties of Plant Species a number of 17 sunflower hybrids for oil production and two sunflower hybrids for halvah production. If in 1971, there were registered two sunflower hybrids, in 1987 and 1988 there were registered 13 sunflower hybrids ( Figure  3 ). Annually there were registered between one and two hybrids, with some years without registering of any sunflower hybrid (Figure 4) . All sunflower hybrids registered in this period were created at NARDI Fundulea. The lifespan of the oil sunflower hybrids that were registered in the period [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] in the Romanian Official Catalogue of the Varieties of Plant Species, respectively the number of years that they could be cultivated in Romania, being included in the official catalogue, was in average of 17.8 years, with variation from 9 to 25 years ( Figure 5) . Practically, the sunflower hybrids created and registered in the period of 20 years between 1971 and 1990 can be divided in four groups, respectively: -The first group is represented by the first four hybrids registered in 1971 (two hybrids) and 1974 (two hybrids), which were included in the official catalogue for a period from 16 to 21 years. -The second group is represented by the five hybrids registered between 1976 and 1979 (1976 -one hybrid, 1977 -two hybrids, and 1979 -two hybrids) , which were included in the official catalogue for a period from 9 to 15 years. -The third group is represented by the six hybrids registered between 1982 and 1987 (1982 -two hybrids, 1983 -two hybrids, 1986 -one hybrid, and 1987 -one hybrid) , which were included in the official catalogue for a period from 20 to 25 years, they being from this perspective the best hybrids registered in the period 1971-1990. -The fourth group is represented by the two hybrids registered in 1989 and 1990 (1989 -one hybrid, 1990 -one hybrid) , which were included in the official catalogue for a period of 13 years. In the breeding of the sunflower hybrids created and registered in the period 1971-1990, there was made important advances in disease (downy mildew -Plasmopara halstedii; phomopsis brown stem canker -Phomopsis helianthi; sclerotinia -Sclerotinia sclerotiorum) and broomrape (Orobanche cumana) resistance of the plants, crop stability and efficiency of hybrid seed production. For instance, the genetic progress achieved in sunflower breeding during 1965-1982 was estimated at about 64 kg.ha -1 .year -1 for seed production and about 0.3% per year for seed oil content (INCDA Fundulea, 2017) . For the period 1971-1990, the area cultivated with sunflower in Romania was in average of 493,622 ha per year, with limits of variations between 394,751 and 553,900 ha ( Figure 1) ; for the same period, the sunflower yield was in average of 1,555 kg.ha -1 , with limits of variations between 1,338 and 1,872 kg.ha -1 (FAO database; Figure 2 ). Generally, this period can be characterised by areas cultivated with sunflower of about 500,000 ha and by yields that often exceeded 1,500 kg.ha -1 (Vrânceanu, 2000) .
Period 1991-2006
If the annually cultivated area with sunflower in Romania was about 500,000 ha in the period [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , starting with 1991 this increased continuously up to a peak of 1,153,341 ha registered in 2003 (Figure 1 ). This situation could be explained by the fact that the Romanian farmers decided the structure of their crops according to market demands in contrast to the planned agriculture specific for the period before 1990. Also it has to be mentioned the implication of the oil processing factories from Romania in supporting farmers growing sunflower, as well as the better stability of sunflower yields compared to the yields of other crops due to the good drought tolerance of the sunflower plants. Despite the spectacular increase of the area cultivated with sunflower in Romania after 1990, the average yields decreased compared to the period before 1990 (Figure 2 ). Thus, in the period 1991-2006 the average yield in Romania was of 1,247 kg.ha -1 (FAO database), with limits of variation between 822 kg.ha -1 in the drought year 2000 and 1,683 kg.ha -1 in the favourable climatic year 2004. These low yields could be explained by the crop technologies with low inputs used by Romanian farmers in this period, which determined a great dependence of the yields on climatic conditions despite the performances of the used hybrids. In total, in the period 1991-2006, 119 sunflower hybrids were created and registered in the Romanian Official Catalogue of the Varieties of Plant Species, all for oil production. This means that in the period 1991-2006, there were created and registered 7 times more sunflower hybrids than in the period [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . If in the period 1991-1996, there were between 11 and 13 sunflower hybrids included in the official catalogue, starting with 1997 the number of sunflower hybrids included in the official catalogue increased continuously and significantly up to 118 sunflower hybrids in 2006. This tendency of continuous increase of the number of sunflower hybrids allowed to be cultivated in Romania, respectively included in the official catalogue, is following the tendency of continuous increase of the cultivated area with sunflower in Romania (Figure 3 ). In the period 1991-2006, annually there were registered between one and 15 hybrids, with only two years (1993 and 1995) without the registration of any sunflower hybrid (Figure 4) . In the period 1991-1994, there were registered between one and two sunflower hybrids, but there were registered between five and six sunflower hybrids in the period 1996-1999 and between 10 and 15 in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] . The lifespan of the sunflower hybrids that were created and registered in the period [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] in the Romanian Official Catalogue of the Varieties of Plant Species, respectively the number of years that they could be cultivated in Romania, being included in the official catalogue, was in average of 10.8 years, with variation from 3 to 21 years ( Figure 5 ). In this period, not only the average lifespan decreased continuously, from year to year, but also the maximum and the minimum values of the hybrid lifespan. Compared to the period 1971-1990, the average lifespan of the sunflower hybrids that were created and registered in the period 1991-2006 decreased with about 40%. It has to be mentioned that in the calculation of the average lifespan of the sunflower hybrids created and registered in the period 1991-2006, there was excluded a number of seven sunflower hybrids that are still cultivated in the present, respectively they are still included into the official catalogue. Among these hybrids, it has to be mentioned the hybrid Favorit, which was registered in 1992, being cultivated for 26 years, and hybrid Performer, which was registered in 1998, being cultivated for 20 years. Up to now, the Favorit hybrid has the biggest longevity in Romania among all the hybrids, and its lifespan will be even higher taking into consideration that this hybrid is still cultivated and demanded by Romanian farmers. In 1994, there is registered in the Romanian Official Catalogue of the Varieties of Plant Species the first sunflower hybrid produced by NARDI Fundulea in cooperation with an institution from outside Romania. In 1996, the first two sunflower hybrids were registered in the Official Catalogue by two institutions from outside Romania. In 1999, there was registered in the Official Catalogue the first sunflower hybrid produced in Romania by other Romanian institution than NARDI Fundulea, respectively by Research Station of Lovrin.
Period 2007-2017
In the year when Romania integrated into European Union, respectively in 2007, the area cultivated with sunflower decreased compared to the precedent period, being cultivated 748,545 ha (Figure 7 ). This is due mainly to the very difficult climatic conditions of the year 2007, which was characterised by a severe drought that conducted to the smallest grain yield of the second half of the twenty century, respectively 731 kg.ha -1 (Figure 2) . Starting with 2008, the area cultivated with sunflower as well as the average grain yield obtained in Romania increased. Since 2011, the area cultivated with sunflower was quite stable, this being about one million ha. The average yield for the period 2011-2016 was of 1,839 kg.ha -1 , with a peak in the favourable climatic year 2014 with 2,194 kg.ha -1 (FAO database; Figure  2 ). The good yields from the last years are the consequence of the performant hybrids as well as of the improved crop technology the Romanian farmers are able to manage as a result of the capitalisation process. -20% of them were Imidazolinone (IMI) resistant hybrids, respectively 3.4% Clearfield (CL) Plus hybrids, 13.6% CL hybrids, 2.6% CL + Or (resistance to broomrape) hybrids, and 0.4% CL + HO (High Oleic) hybrids; -9.4% of them were Sulfonylurea (SU) resistant hybrids, respectively 7.5% only SU hybrids, 1.5% SU + Or hybrids, and 0.4% SU + HO hybrids; -3.8% of them were HO hybrids, among which 3% only HO hybrids; -9% of them were Or hybrids, among which 4.9% only Or hybrids. 
CONCLUSIONS
The official journey in Romania of the sunflower as an oil crop started more than a century ago in 1910, when there were registered the first hectares cultivated with sunflower. The evolution since 1910 was spectacularly both in terms of cultivated area and cultivated varieties and hybrids. This was due to different factors among which an important role played the Romanian breeding school developed at NARDI Fundulea by Alexandru Viorel VRÂNCEANU. One important step in the development of the sunflower crop in Romania was the registration for cultivation in 1965 of the variety Record created by Vrânceanu and his team, which registered a true record being cultivated in Romania for 42 years. Another important step was represented by the registration for cultivation in Romania in 1971 of the first two sunflower hybrids (Romsun 52 and Romsun 53) created by Vrânceanu and his team, which opened the period of the "hybrid sunflower" in Romania. During the time, respectively since 1971 up to 2017, there was registered to be cultivated in Romania a total number of 429 sunflower hybrids for oil production and two hybrids for halvah production. After a period between 1971-1996 when the number of sunflower hybrids registered in the Romanian Official Catalogue of the Varieties of Plant Species was quite stable (up to 13 hybrids), starting with 1997 the number of sunflower hybrids registered in the Official Catalogue and allowed to be cultivated in Romania increased significantly up to 280 hybrids in 2015. Among all the hybrids cultivate in Romania during the time, respectively since 1971 up to 2017, the Favorit hybrid has the highest longevity, being cultivated for 26 years and still cultivated in the present, which means that its lifespan will be even higher taking into consideration that this hybrid is still demanded by Romanian farmers. The number of years that sunflower hybrids were registered to be cultivated in Romania, respectively the lifespan of the sunflower hybrid decreased continuously during time. Thus, the lifespan of the sunflower hybrid was in average of 17.8 years for the period 1971-1990, of 10.8 years for the period 1991-2006, and less than 10 years after 2007. While the lifespan of the sunflower hybrid decreased, the number of sunflower hybrids with special traits increased continuously.
